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IMAGE FORMING APPARATUS AND TONER
CARTRIDGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from U.S. Provisional Application No. 61/602,667
filed on Feb. 24, 2012; the entire contents of which are incor-
porated herein by reference

FIELD

Embodiments described herein relate to an image forming
apparatus and a toner cartridge.

BACKGROUND

In an electrophotographic type image forming apparatus
(Multi-Functional Peripheral), a visual image obtained by
developing a latent image formed on a photoconductor serv-
ing as an image carrier using a toner is transferred to a
medium (paper or resin sheet). The toner cartridge used in
such an image forming apparatus is deemed as a consumable
which needs to be replaced with a new one when the residual
toner in the toner cartridge runs out.

However, in the case where no sensor is configured in the
main body of a toner cartridge to detect the quantity of the
residual toner in the toner cartridge, the quantity of the
residual toner is estimated through calculation. For example,
the quantity of the toner used and the quantity of the residual
toner in the toner cartridge are indirectly estimated according
to the replenishment time of the toner, the drive time of a
processing unit and the count of the pixels printed, and then
the residual toner is managed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an oblique view showing the roughly shape of the
image forming apparatus according to the embodiment.

FIG. 2 is a diagram illustrating the configuration of the
image forming unit of the image forming apparatus according
to the embodiment.

FIG. 3 is a block diagram illustrating a unit of the image
forming apparatus for grasp a toner shortage state and the
configuration of a control system of the image forming appa-
ratus according to the embodiment.

FIG. 4 is a diagram illustrating the information stored in a
storage medium arranged at the side of the toner cartridge in
the image forming apparatus according to the embodiment.

FIG. 5 is a diagram illustrating the information stored in a
file in a DRAM arranged at the main body side of the image
forming apparatus according to the embodiment.

FIG. 6 is a flow chart illustrating the toner empty determi-
nation procedures executed in the image forming apparatus
according to the embodiment.

FIG. 7 is a flow chart illustrating the toner empty determi-
nation procedures executed in the image forming apparatus
according to the embodiment.

FIG. 8 is a diagram exemplarily illustrating a toner replen-
ishment action example carried out in the image forming
apparatus according to the embodiment.

FIG. 9 is a diagram illustrating the reason for the empty of
the toner in the image forming apparatus according to the
embodiment.

DETAILED DESCRIPTION

In accordance with an embodiment, an image forming
apparatus comprises: a toner cartridge configured to store the

10

15

25

40

45

50

65

2

toner for replenishing a developing apparatus; a storage
medium configured to arrange in the toner cartridge; a detec-
tion sensor configured to be arranged in the developing appa-
ratus and detect the toner specific concentration of the devel-
oper in the developing apparatus; a drive motor configured to
replenish the developing apparatus with the toner from the
toner cartridge; and a control unit configured to calculate a
value corresponding to the drive time of the drive motor to
calculate an integrated count value for the toner cartridge, and
output a message containing the cause of an abnormity cor-
responding to the count value when the toner specific con-
centration detected by the detection sensor shows a value
indicative of the empty of the toner, wherein the count value
and an empty information indicating whether or not the toner
cartridge is empty are stored in the storage medium.

FIG. 1is an oblique view showing the roughly shape of the
image forming apparatus 1 according to the embodiment.

A printing unit 130, a paper tray 200, a scanning unit 110,
an automatic feed unit 112 and a control panel 140 are con-
figured in the image forming apparatus 1.

The printing unit 130 outputs image information as the
output image (called hard copy or print out) The paper tray
200 supplies an output medium of a paper in any size for an
image output to the printing unit 130. The scanning unit 110
acquires, from an original, image information as image data.
The automatic feed unit 112 guides the original to a reading
position and discharges the read original from the reading
position to a discharge position. The control panel 140 is an
instruction input unit for instructing actions of the image
forming apparatus 1, such as the start of an image forming
action in the printing unit 130 or the start of the image infor-
mation reading of the scanning unit 110 from the original. A
display unit 141 for inputting an instruction and displaying
information for an operator is configured on the control panel
140.

FIG. 2 is a diagram illustrating the configuration of the
image forming unit 10 of the image forming apparatus 1
according to the embodiment.

The photoconductive drum 11 of the image forming unit 10
has an organic photoconductor (OPC) on the surface of a
supporting member which have diameter of 60 mm. The
photoconductive drum 11 is driven in the arrowhead direction
s. A charging charger 12, a laser exposure apparatus 13, a
developing apparatus 14, a transfer charger 16, a peeling
charger 17, a cleaner 18 having a cleaning blade 184 and a
charge removing LED 19 are configured around the photo-
conductive drum 11.

The charging charger 12 make the photoconductive drum
11 become -750V charged equally and sequentially accord-
ing to rotation of the photoconductive drum 11. The laser
exposure apparatus 13 irradiates laser 13a corresponding to
image information to an irradiated position 135 of the charged
photoconductive drum 11.

A paper P serving as a recording medium is taken out from
apaper feed cassette apparatus 20 using a paper feed roller 21.
A toner image is formed on the photoconductive drum 11, and
atthe same time, the paper P is conveyed to the position of the
transfer charger 16 of the image forming unit 10 by a register
roller 22. The toner image is formed on the paper P by the
image forming unit 10.

After the transfer is completed, the photoconductive drum
11 cleans the residual toner using the cleaner 18 and removes
the residual charges using the charge removing LED 19, the
processing is ended.

FIG. 3 is a block diagram illustrating a unit of the image
forming apparatus 1 for grasp a toner shortage state and the
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configuration of a control system of the image forming appa-
ratus according to the embodiment.

As shown in the upper part of FIG. 3, a toner cartridge 30
is configured above the developing apparatus 14. A replen-
ishment mechanism (feeding auger) in the toner cartridge 30
is driven through the rotation of a toner replenishment motor
31, thereby making the toner fall into the developing appara-
tus 14 to feed the toner.

A conveyance mechanism for conveying, while stirring, a
developer containing the toner replenished and a residual
toner detection sensor 37 for measuring the permeability of
the developer are configured in the developing apparatus 14.
As the concentration of the magnetic carrier in the developer
changes when the toner concentration of the two-component
system developer in the developing apparatus 14 changes, the
magnetic permeability of the developer changes as well. Con-
sequentially, the shortage of the toner can be detected using
the measurement value of the residual toner detection sensor
37.

Further, a storage medium 35 is configured in the toner
cartridge 30. The information relative to the toner cartridge 30
is stored in the storage medium 35 which will be described in
detail later. Moreover, the reading/writing unit 36 reads infor-
mation from the storage medium 35 or writes information
into the storage medium 35.

Further, a temperature and humidity sensor 38 is config-
ured in the image forming apparatus 1 to measure the envi-
ronmental temperature and humidity of the image forming
apparatus 1 for a change in the temperature or humidity will
lead to a change in the number of the revolutions of the toner
replenishment motor 31. In the image forming apparatus 1,
the number of the revolutions of the toner replenishment
motor 31 is corrected according to the measurement value of
the temperature and humidity sensor 38 and controlled to be
a given number of revolutions.

Next, the control system of the image forming apparatus 1
shown in the lower part of FIG. 3 is described.

In addition the aforementioned printing unit 130, scanning
unit 110 and control panel 140, the image forming apparatus
1 further comprises a control unit 100, an ROM, a DRAM and
an internal storage apparatus (HDD). The units of the image
forming apparatus are connected with each other via a system
bus.

The control programs necessary for the image forming
apparatus 1 to act are stored in the ROM. The programs for
controlling the under-mentioned image forming action and
the under-mentioned toner shortage grasp action are stored in
the ROM. The execution of each of the programs is controlled
by the control unit 100. The DRAM is a buffer memory for
temporarily storing the data generated during the execution of
the programs.

Moreover, the control unit 100 is at least directly or indi-
rectly connected with the residual toner detection sensor 37,
the temperature and humidity sensor 38, the reading/writing
unit 36 and the toner replenishment motor 31. The control
unit 100 controls the actions of the units connected with each
other via the system bus and the units relative to the grasp of
the shortage of toner.

In addition, a file 39, in which the information relative to
the grasp of the shortage of the toner at the side of the image
forming apparatus 1 is stored, is stored in the DRAM.

FIG. 41s adiagram illustrating the information stored in the
storage medium 35 arranged at the side of the toner cartridge
in the image forming apparatus according to the embodiment.
The content of the information is described in detail below.

The information ‘identification code’ stored in Address
3001 is information for identitying the toner cartridge 30. For
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example, information ‘toner is certified product’, information
on the manufacture of the toner (e.g. manufacture location,
lotto number), and color information are equivalent to the
information ‘identification code’.

Information ‘count value’ stored in Address B002 is the
integrated value of the operation time (counter) of the toner
replenishment motor 31 that is connected with the toner car-
tridge 30 to drive a toner replenishment mechanism. Addi-
tionally, it should be noted that the integrated value of the
operation time is hereinafter referred to as counter, however,
the counter may be a value integrated by a value correspond-
ing to the operation time, but not limited to the integrated
value of the operation time.

Information ‘empty information’ stored in Address B003 is
information indicative of whether or not the toner in the toner
cartridge of the image forming apparatus 1 is empty. The
initial state ‘empty information’ indicates that the toner car-
tridge is not empty (=0). When it is determined according to
the determination logic which will be described later that the
toner cartridge is empty, the control unit 100 records that the
toner cartridge is empty (=1)

FIG. 5is adiagram illustrating the information stored in the
file 39 in the DRAM arranged at the main body side of the
image forming apparatus according to the embodiment. The
content of the information is described in detail below.

The information ‘identification code’ stored in Address
A001 is information for identifying the toner cartridge 30.
The information is the value of the information ‘identification
code’ read from Address B001 of the storage medium 35.

Information ‘count value’ stored in address A002 is the
integrated value of the operation time (counter) of the toner
replenishment motor 31 connected with the toner cartridge
30. For example, an integration processing is carried out
(value is integrated) during the execution process of the toner
replenishment action of the image forming apparatus, and
after a job is ended, the integrated value is written back to
Address B002 of the storage medium 35 arranged at the side
of the toner cartridge.

Information ‘empty information’ stored in Address A003 is
flag information indicative of whether or not the toner in the
toner cartridge of the image forming apparatus 1 is empty.
The initial state ‘empty information’ indicates that the toner
cartridge is not empty (=0). When it is determined according
to the determination logic which will be described later that
the toner cartridge is empty, the control unit 100 records that
the toner cartridge is empty (=1).

A method for determining whether or not the toner is empty
is described below.

FIG. 6 and FIG. 7 are flow charts illustrating the toner
empty determination procedures executed in the image form-
ing apparatus according to the embodiment.

In Act 01, the toner cartridge 30 can be replaced when the
image forming apparatus 1 is powered on or the front cover of
the image forming apparatus is opened or closed. Consequen-
tially, in Act 02, a determination is made as to whether or not
the ‘identification code’ stored in Address A001 of the file 39
in the DRAM arranged at the main body side is the same as
that stored in Address B001 of the storage medium 35
arranged at the side of the toner cartridge.

If the ‘identification code’ stored in Address A001 of the
file 39 in the DRAM arranged at the main body side is difter-
ent from that stored in Address B001 of the storage medium
35 arranged at the side of the toner cartridge (ACT 02: NO),
then the manufacturers of the toner cartridges 30 are different.
Asaresult, in Act 03, switch to the print/copy mode which not
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carry out the toner empty determination described below.
This mode is carried out according to the conventional way, so
omit the details of this mode.

If the ‘identification code’ stored in Address A001 of the
file 39 in the DRAM arranged at the main body side is the
same as that stored in Address B001 ofthe storage medium 35
arranged at the side of the toner cartridge (ACT 02: YES), in
ACT 04, the control unit 100 writes the data in Addresses
B002-B003 of the storage medium 35 to Address A002-A003
of'the file 39 of the DRAM. In this way, the information of the
main body side is synchronized with that of the toner car-
tridge side 30.

In ACT 05, the control unit 100 checks whether or not the
empty information of toner in Address B003 is 1, that is,
whether or not the toner in the toner cartridge 30 is empty. If
the toner in the toner cartridge 30 is empty (ACT 05: NO), in
ACT 06, the control unit 100 displays a message ‘replace
toner cartridge’ on the control panel 140 and then ends the
processing.

If'the toner in the toner cartridge 30 is not empty (ACT 05:
YES), in ACT 07, the control unit 100 checks whether or not
there is a print/copy request. If there is no print/copy request
(ACT 07: NO), the control unit 100 waits until there is a
print/copy request. If there is a print/copy request (ACT 07:
YES), in ACT 08, the control unit 100 executes the requested
job (print/copy)

In the execution process of the job, if the residual toner
detection sensor 37 detects that the toner in the developing
apparatus 14 is little, in ACT 09, the control unit 100 replen-
ishes the developing apparatus 14 with the toner in the toner
cartridge 30. At this time, the control unit 100 increment the
count value gradually according to the operation time of the
toner replenishment motor 31.

FIG. 8 is a diagram exemplarily illustrating a toner replen-
ishment action example carried out in the image forming
apparatus according to the embodiment.

When the detection level of the residual toner detection
sensor 37 is level 1, for example, when the toner specific
concentration in the developing apparatus 14 is reduced by
0-0.3 WT %, the control unit 100 executes an action of rotat-
ing the toner replenishment motor 31 for 2 seconds and then
stopping the toner replenishment motor 31 for 5 seconds.

When the detection level of the residual toner detection
sensor 37 is level 2, for example, when the toner specific
concentration in the developing apparatus 14 is reduced by
0.3-0.6 WT %, the control unit 100 executes an action of
rotating the toner replenishment motor 31 for 4 seconds and
then stopping the toner replenishment motor 31 for 5 seconds
twice.

When the detection level of the residual toner detection
sensor 37 is level 3, for example, when the toner specific
concentration in the developing apparatus 14 is reduced by
0.6-0.8 WT %, the control unit 100 executes an action of
rotating the toner replenishment motor 31 for 8 seconds and
then stopping the toner replenishment motor 31 for 5 seconds
twice.

When the detection level of the residual toner detection
sensor 37 is level 4, for example, when the toner specific
concentration in the developing apparatus 14 is reduced by
more than 0.8 WT %, the control unit 100 executes an action
of rotating the toner replenishment motor 31 for 20 seconds
and then stopping the toner replenishment motor 31 for 5
seconds for three times.

In ACT 10, a determination is made as to whether or not the
job is ended. If the job is not ended (ACT 10: NO), the flow
returns to ACT 08 to repeat the aforementioned processing. If
the job is ended (ACT 10: YES), in ACT 11, the control unit
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6
100 writes the data (count value) in Address A002 of the file
39 of the DRAM into Address B002 of the storage medium
35.

In ACT 15, the control unit 100 checks whether or not a
toner replenishment is executed. If the toner replenishment is
not executed (ACT 15: NO), the control unit 100 returns to
ACT 07 shown in FIG. 6 to wait until there is a request for a
next job (print/copy). If the toner replenishment is executed
(ACT 15: YES), in ACT 16, the control unit 100 checks
whether or not a given period of time elapses. The given
period of time is equivalent to the time spent on waiting for a
state in which a current toner specific concentration can be
measured after the replenishment of the toner.

Ifthe given period oftime is not reached (ACT 16: NO), the
control unit 100 waits until the given period of time elapses.
If'the given period of time elapses (ACT 16: YES), in ACT 17,
the control unit 100 checks whether or not the detection level
of'the residual toner detection sensor 37 is level 4.If the toner
replenishment level detected by the residual toner detection
sensor 37 is not level 4 (ACT 17: NO), the control unit 100
returns to ACT 07 shown in FIG. 6 to wait until there is a
request for a next job (print/copy).

If the toner replenishment level detected by the residual
toner detection sensor 37 is level 4 (ACT 17: YES), in ACT
18, the control unit 100 checks the data (count value) in
Address A002 of the file 39 of the DRAM and outputs a
message according to the count value.

FIG. 9 is a diagram illustrating the reason for the empty of
the toner in the image forming apparatus according to the
embodiment. A count value and the reason for an abnormality
corresponding to the count value are shown in FIG. 9.

The quantity of the toner stored in the toner cartridge 30 is
converted to a count value the maximum value of which is
5000. If the toner replenishment level detected by the residual
toner detection sensor 37 is level 4 and the count value inte-
grated at this time is above a first threshold (=4000), then most
of the toner in the toner cartridge 30 is consumed, therefore,
it can be determined that the toner in the toner cartridge 30 is
empty.

On the other hand, when in a storage state presented prior
to the setting of the toner cartridge 30 on the image forming
apparatus 1, toner is compactly filled nearby a toner discharge
opening, leading to a possible decrease in the replenishment
quantity of the toner. This phenomenon only happens when
the toner cartridge is used for the first time. Therefore, if the
toner replenishment level detected by the residual toner
detection sensor 37 is level 4 and the count value integrated at
this time is not greater than (smaller than or equal to) a second
threshold (=300) smaller than the first threshold (=4000),
then it can be determined that the toner cartridge 300 is
clogged.

If the toner replenishment level detected by the residual
toner detection sensor 37 is level 4 and the count value inte-
grated at this time is smaller than the first threshold (=4000)
but greater than a second threshold (=300), then it can be
determined that toner is smoothly fed from the toner cartridge
30 and that the toner cartridge 30 is capable of storing more
toner. Therefore, it can be determined in this case that there is
an abnormality in the replenishment mechanism replenishing
the developing apparatus 14 with the toner in the toner car-
tridge 30 or in the conveyance mechanism conveying toner in
the developing apparatus 14.

When the count value integrated in ACT 18 shown in FIG.
17 is below the second threshold (=300), in ACT 19, the
control unit 100 displays an alarm message “toner clogged in
toner cartridge’ on the control panel 140.
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Then, in ACT 20, the count values in Addresses A002 and
B002 is restored to the value before the addition For example,
the value after the addition is subtracted from the count value.
Then, the flow returns to ACT 07 shown in FIG. 6 to wait until
there is a request for a next print/copy job. Therefore, when
there is an abnormality in the supply of the toner, an error
value counted in the job will not be added, which keeps the
correct count value.

When the count value integrated in ACT 18 is greater than
the second threshold (=300) but smaller than the first thresh-
old (=4000), the control unit 100 displays an alarm message
‘an abnormality in supply of toner and conveyance mecha-
nism’ on the control panel 140 in ACT 21. Then, the control
unit 100 executes ACT 20. In addition, as already described
above, ACT 20 is not described here.

When the count value integrated in ACT 18 is above the
first threshold (=4000), in ACT 22, the control unit 100 dis-
plays an alarm message ‘replace toner cartridge’ on the con-
trol panel 140. In ACT 23, the control unit 100 fills the data
(empty information) in Address A003 of the file 39 in the
DRAM with ‘1’ and writes the data to Address B003 of the
storage medium 35. In this way, the toner cartridge 30, the
empty information of which is recorded as ‘1’ is unusable
later in the image forming apparatus. Then, the control unit
100 ends the processing.

Further, although a monochrome type image forming
apparatus is described in the embodiments above, the present
invention is not limited to this, and apparently, 4-drum tan-
dem type image forming apparatus comprising a plurality of
developing apparatuses is also applicable.

Further, the functions described in the embodiments above
may be achieved by hardware, or the functions may be
recorded in software programs, which are then read into a
computer to achieve the functions. Moreover, the functions
may be achieved by either of appropriate software or appro-
priate hardware.

Further, the functions may be achieved by reading a pro-
gram stored in a recording medium (not shown) into a com-
puter. Although the recording medium described in the
embodiments herein can be any recording medium that is
readable to a computer, the recording form of the recording
medium may be any form.

In addition, the present invention is not limited to the
above-described embodiments, and various other embodi-
ments can be devised without departing from the scope of the
present invention.

Furthermore, various inventions can be devised by com-
bining a plurality of the components appropriately disclosed
in the embodiments of the present invention. For example,
several of the components disclosed in the embodiment may
be removed, or components given in different embodiments
may be combined appropriately.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
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embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An image forming apparatus, comprising:

a toner cartridge configured to store the toner for replen-
ishing a developing apparatus;

a storage medium configured to be arranged in the toner
cartridge;

a detection sensor configured to be arranged in the devel-
oping apparatus and detect the toner specific concentra-
tion of the developer in the developing apparatus;

a drive motor configured to replenish the developing appa-
ratus with the toner from the toner cartridge; and

a control unit configured to calculate a value corresponding
to the drive time of the drive motor to calculate an
integrated count value for the toner cartridge, and output
a message containing the cause of an abnormity corre-
sponding to the count value when the toner specific
concentration detected by the detection sensor shows a
value indicating the empty of the toner, wherein

the count value and an empty information indicating
whether or not the toner cartridge is empty are stored in
the storage medium; and

wherein the control unit outputs a message that the toner
cartridge is empty when the count value is above a first
threshold, outputs a message that the toner in the toner
cartridge is clogged when the count value is below a
second threshold which is smaller than the first thresh-
old, and outputs a message that at least one of a toner
replenishment mechanism and a toner conveyance
mechanism have an abnormality when the count value is
smaller than the first threshold but greater than the sec-
ond threshold.

2. The image forming apparatus according to claim 1,

wherein

the control unit writes an information that the toner car-
tridge is empty in the empty information of the storage
medium when the count value is above the first thresh-
old.

3. The image forming apparatus according to claim 2,

wherein

the control unit subtracts the calculated value correspond-
ing to the drive time from the count value when the count
value is below the second threshold which is smaller
than the first threshold.

4. The image forming apparatus according to claim 3,

wherein

the control unit reads the empty information from the stor-
age medium when the image forming apparatus is pow-
ered on or the front cover of the image forming apparatus
is opened and closed, and

the execution of a copy and a print are prohibited when the
empty information indicates that the toner cartridge is
empty.



